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 I Introduction 
    The study on the chemical constituents of river water was developed by 
F. W.  Clark,') who reported on the constituents of the chief rivers in the world. 
Since then chemical dealings of river waters have been carried on actively and 
 geochemical studies have been done with fruitful results by not a few  geoche-
mists.')3) The geochemical study on river water is indispensable to the utiliza-
tion of river water, to  agriculture') and industry, and also to the geographical 
studies of rivers. 
    T.  Nomitse and N. W.  White') opened a new field of dynamic methods, 
studying on the diurnal variation of river water and under-ground water. This 
fact suggests that there is a diurnal variation in the chemical ingredients of 
river water, too. After the survey for several years, the Author recognized 
some characteristics of chemical constituents and pH, in some rivers in 
northeastern Japan. 
                     2 The method of survey 
    As is shown in Fig. 1, this
survey was made intermittently 
of the Hirose and Biruzawa 
rivers in Miyagi Prefecture, the 
Mogami in Yamagata Prefecture, 
and the Nagase in Fukushima 
Prefecture. 
    Surveying apparatuses are 
pH  calorimeter,* pH test  paper," 
and a quick hydrogen ion con-
centration test meter*** (Hg  C12, 
Sb Cell). To survey the  tem-
perature of water a mercury 
thermometer was used. The 
Author analysed the water of the 
Hirose river, referring to Y. 
 Miyake's "Analysis of  Water''")
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 NI calorimeter made at suzuki Co. in  Tcikyet, Japan. 
pH test Peper made at Toyo filter peper manufacturing Co. Ltd; 
Quick hydrogen ion concentration test meter made at  Shimazu 
Japan, 
                         25
in Tokyo,  Japan, 
 Mfg. Co. in  KyOto,
P.  OUCili
and "Practical Manual of  Chemistry"")  •-• "Water, Air, and Soil." 
                  3 The Real aspect of the Diurnal variaton of River 
                     waters pH in the Hirose river 
(1) Geographical sketch of the Hirose river. 
    The Hirose river is a branch of the Natori river which rises in the Ou 
Spinal Mountain Range and flows into the Pacific. It flows from west to east 
and the total length is about 535.5 km from source to estuary. The junction 
of the Hirose and the Natori is at 6.8 km from the estuary. Topographically 
saying, there are such mountains near the upstream as  Mt.  Omoshiro 
(1264.4 m), Mt. Sabusa (1117.3 m), Mt. Shirahige (1284.2 m), Mt. Kusumine 
(1210.5 m), Mt. Mimine (1417.6 m) which belong to the Nasu Volcanic 
Range. The eastern part consists of dissected hills of the Tertiary Age and 
extends to Sendai  Alluvial Coastal Plain. (Fig 2.) Between these two, Miyagino 
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Flexure line runs from NEN to SWS. According to H. Sasaki the com-
posing rocks are, from the west, Hornblend grano-diorite, Liparite, Green-
tuff, Kanakura extrusives, Itaarashi tuff, Shirasawa  tuff,'" etc. Generally 
speaking, the composing rocks are rather acidic. According to L. Sato's study, 
Bora  (Mugil cephalus Linn'e) lives below the junction of the Hirose and the 
Natori, from which up to the junction of the Okura and the Hirose   the 
middle course  -- there live carps (Cyprinus carpio  Linn'e); the upper stream 
from the latter junction up there live Yamame (Qncorhynchus miktschitsch 
 macrostomus (Gunther).) and Iwana (Salvelinus pluvius  (Hilgendorf).)") etc. 
On both sides of the up-stream and the mid-stream there are ravines and 
gorges at some places. Along the basin the mountainous slanting surface is 
covered mostly with deciduous trees; along the river terraces there are many 
rice fields and vegetable fields.
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(2) The Position of Survey 
    Below the down-stream, this 
flows to the east, mixing drain. 
   The following four points 
were selected as the places 
of survey.
river flows through the
 Table 1
city of Sendai and
Surveying  I Distance from 
 points.  I the estury.
   From this table 1 he 
wants to consider about the 
influence of the city drain on 
the river water. 
(3) Results of Survey. 
    The survey was made 
five times. The periods are 
shown in the table 2. 
    The results of the mea-
surement of pH at each sur-
veying station are shown in  t• 
Fig  3-6. 
   Data of Hydrogn Ion  Concentr:
A 
 B 
 C 
 D
 A mount of 
the drain
mixture of 
of Sendai.
 10500 
13500 
 17500 
23000
m. 
In. 
 m. 
 m.
 very  large• 
to some extent. 
cannot be found. 
nothing at all.
Table 2
Times. Date.
1 
2 
3 
4 
5
August 
September 
October
5th. 
6th--7th. 
 20th  -  -21st. 
 4th--5th. 
 3rd--4th.
1948. 
 .
ables 3-6. They
           Table 3 
 centration (pH, 18  -C) 
 Surveying point A
are
in the 
(1948)
illustrated in
River waters
the diagrams
of Hirose River
 Times  
- Date 
 Hour-- 
   5.00 
   6.00 
   7.00 
   8.00 
   9.00 
  10.00 
  11.00 
  12.00 
  13.00 
  14.00 
  15.00 
  16.00 
  17.00 
  18.00 
  19.00 
  20.00 
  21.00 
 22  00 
  23.00 
  24.00 
   1.00 
   2.00 
   3.00 
   4 00 
   5.00
Second 
August,  6t 
      p.H
      7.2 
      7.2 
 * 
      7.3
      7.5 
 * 
      7.7 
 8.0 
      7.8 
      7.9 
 * 
      7.4 
 * 
      7.2 
 * 
      7.1 
      7.1 
 * 
      6.9
 Sur  uey. 
 h--7th.
Third Survey.
August, 20th 
       p.H
      6.4 
       6.8 
       6.9 
 66 
       6.5 
      6.6 
       6.7 
       6.8 
       6.9 
       6.9 
       7.0 
       6.8 
       6.9 
       6.7 
       6.7 
       6.9 
       6.9 
       6.7 
       6.8 
       6.8 
       6.8 
       6.7 
       6.8 
       6.8
 Fourth. Survey. 
 -..-21st.  September, 4th
p.H 
6.9 
6.8 
6.8 
6.8 
6.9 
7.1 
7.3 
7.4 
7.6 
7.6 
7.5 
7.4 
7.1 
7.3 
 73 
7.3 
 7.1 
9.9 
6.9 
6.8 
6.8 
6.8 
6.9 
 6.9 
7.0
Fifth
October,
Survey. 
 3rd---4th.
 P.H 
6.8 
6.7 
6.7 
6.9 
6.9 
7.0 
7.0 
7.0 
7.1 
7.2 
6.9 
7.0 
7.0 
6.8 
6.6 
7.0 
6.8 
6.8 
6.8 
6.7 
6.8 
6.8 
6.9 
6.8
P.  OUCH!
Data of Hydrogen
             Table 4 
Ion Concentration (pH.  18°C) 
         Surveying point  B
in the River 
 (1948)
 waters of Hirose River.
 Tines. 
 Date. 
 Hour.
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
1.00 
2.00 
3.00 
4.00 
 5.00
First Survey. 
August, 5th.
PH. 
 0, 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.8 
7.8 
7.6 
7.4 
7.5 
7.4 
 * 
 * 
 *
  Third Survey. 
August,  20th-.21th. 
       pH.
       6.8 
       6.8 
       6.7 
       6.8 
       6.7 
       6.8 
       6.7 
       6.6 
 6.7 
       6.7 
       6.6 
       6.7 
       6.6 
       6.6 
      6.7 
 * 
       6.8 
       6.6 
       6.7 
 * 
       6.8
  Fourth Survey. 
September  4th-.5th. 
 pH.
6.9 
6.9 
6.8 
6.6 
6.7 
6.7 
6.5 
6.7 
6.7 
6.7 
6.7 
6.5 
9.8 
6.7 
6.7 
6.7 
6.7 
6.9 
6.7 
6.7 
6.7 
6.7 
6.7 
6.7 
6.7
Data of Hydrogen
            Table 5 
Ion Concentration (pH.  18t) 
        Surveying point C
in the River 
(1948)
waters of Hirose River.
  Tines 
     Date 
Hour
5.00 
6.00 
 7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00
Second Survey. 
 August,  6th  ..7th. 
      pH.
  Third Survey. 
August,  20th421st. 
 pH.
  Fourth Survey. 
September,  4th--5th. 
 PH.
 * 
7.4 
 72 
 * 
7.1 
 * 
7.1 
7.2 
 * 
7.2 
 * 
7.1 
7.0
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.2 
7.2 
7.0 
7.0 
7.2 
7.0
6.7 
7.0 
7.0 
6.7 
7.0 
7.0 
6.7 
6.5 
6.6 
6.7 
6.7 
6.8 
6.9 
6.8 
 * 
6.9
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22.00 
23.00 
24.00 
 1.00 
2.00 
3.00 
4.00 
5.00
 * 
 7.0 
7.0 
7.0 
7.0 
 * 
6.9 
7.0
7.1 
7.0 
7.0 
6.8 
7.0 
7.0
6.7 
6.7 
6.7 
6.7 
6.7 
6.7
Data of Hydrogen Ion
          Table 6 
Concentration (pH,  18C) 
     Surveying point D
in the 
(1948)
River water of Hirose River.
  Times. 
 Date. 
Hour
 Fourth Survey. 
 September, 4th-.5th. 
       pH.
 Fifth 
October,
Survey. 
 3rd,-.4th.
 5.00 
 6.00 
 7.00 
 8.00 
 9.00 
10.00 
 11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
 22.00 
23.00 
24.00 
 1.00 
2.00 
3.00 
 4.00 
5.00
6.8 
 6,7 
6.7 
6.8 
6.9 
6.7 
 7.1 
6.9 
6.9 
6.7 
6.7 
6.7 
6.8 
6.7 
7.8 
7.6 
7.6 
7.4 
 * 
6.9 
6.7
7.0 
7.0 
6.7 
7.0 
7.2 
7.2 
6.6 
6.7 
7.1 
6.8 
6.9 
6.9 
7.0 
6.9 
7.0 
6.8 
 * 
7.0 
7.3 
7.0
pH 
8.0 
 7.8 
7.6 
7.4 
7.2 
7.0 
6.8 
6.6
 /
 6
   \ / 
\I 
         r \ 
 \ 
 ,
8 10 12 14 16  18 
 Fig.
 2me, 3 
rd.. 
 4th
20 22  24  2 4  Hour 
3
 80
 PH 
7.8 
7.6 
7.4 
7.2 
7.0 
6.8 
6.6 
6.4
 F.  OUCHI
6 8 10 12 14 16 
Fig.
   1st 
       -  - 
18 20 22 24 2 4 Hour 
4
 PH 
7.6 
7.4 
7.2 
7.0 
6.8 
6.6 
6.4
   \\  ,\ 
    \ 
 \  / 
6 8 10 12 14  16  18 
  Fig.
 2.d. 
 ..-  
 20  22 24 
5
2 4 Hour
 PH 
7.6 
 7.4 
 72  • 
7.0 
6.8 
6.6 
6.4 
 6
 -4th. 
•  -----  -59
10 12 14 16 18 20 22 24 
Fig. 6
2 4 6  Hour
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was
To see the result of the influence of the 
done at each surveying station. (Fig. 7) 
 pfi
city drainage the
A. 
 B
fourth survey
 7.2 
 7
F.0ny~  -4 
 6.6 
 6.4
 -  C
111.^••^•••^
   6.2  ' ••  6 8 10 12 14 16  18  20  22  24 2 4 H
our 
                                 Fig. 7 
    By this he can recognize there is a diurnal variation of pH in the river. 
To see what causes this remarkable variation, he investigated the temperature 
of the water and chemical composition — especially, free carbonic acid  (H2CO3) 
and carbonate  (MCO3)") dissolved in the water. This was examined the third 
time at A (table  7), B (table 8) the fourth time at B (table 9), C (table 10) 
the fifth time at A (table 11), D (table 12). 
    In the fifth inspection, he attempted quantitative analysis together with 
chlorine ion. (table  7-.12 at the and of this  report.) 
    This is shown graphically in Fig  8-13. 
    By the above measurement, he can know that the influence of city 
drainage on the  river is remarkable. The phases of pH diurnal variation in 
the second time A and the first time, B shows almost the same types. And it 
especially attracts his notice that the river water does not shift with the  current 
         pH
             B.  fst 
 ---•—  C. a ,d
6  8  1.0 12 14 16 18  20  22 
                 Fig. 14
 24 2 4 Hour
 P.  OUCHI 
    This requires his re-investigationabout the idea that the high pH in the 
upper stream flows down to the down stream and causes shift of the phases  •- 
which has been believed to be true. (Fig 14) 
    As he thinks that the chemical ingredients gradually change along the 
river he cannot  prove the chemical characteristics of a river by only one sta-
tistic survey at one point. 
    As to the seasons, pH  diurnal variation at A  shows that the difference is 
the greatest in  summer at the place where it is most remarkably influenced by 
the city, and when autumn approaches, the influence becomes smaller. But at 
the place where it  is not influenced by a city the difference is very small. And 
this change cannot  be attributed only to carbonic acid gas in the air. He 
supposess that  rainfall and other atmospheric phenomena must have close 
relation, so he  indical  es the rainfalls, temperature, and the amount of sunlight 
at the time of the survey through the kindness of the Sendai Weather Bureau. 
                              Table  13  -A 
                Atornspherical Condition in Sendai. July (1951)
Date
      Wind 
 Velocity Mean 
   of  direction 
wind.  m  /sec. of wind.
Air temperature 
 'C
Duration 
of bright 
Sunshine 
in hours.
Precipitation 
   mm.
 Mean.  Maxima'''.
1 0.29 
2 0.25 
3 0.17 
4 0.20 
5 0.27 
6  0.61 
7 0.25 
8 0.30 
9  0.22 
10 0.21 
 11 0.12 
12 0.26 
13 0.13 
14  i 0.15 
15 0.12 
16 0.18 
17 0.15 
18  ' 0.20 
19  . 0.16 
20 0.13 
21 0.16 
22 0.18 
23 0.14 
24  0  21 
25 0.15 
26 0.15 
27 0.16 
28 0.32 
29 0.22 
 30  0.18 
 31. 0.16
0-84  WSW 
0.54 E 
0.42 E 
0.48 SE 
0.55 ESE 
0.89 ENE 
0.88 NW 
0.89 ESE 
0.44 SE 
0.42 ENE 
0.36 ENE 
0.40 E 
 0  34 SES 
0.42 SE 
 0.4U SE 
0.42 E 
0.52 SE 
 0.25 SE 
 0.42 SE 
0.42  ESE 
0.40 E 
0.73 W 
0.42 ESE 
 0.46 SE 
0.54 ENE 
0.40 ESE 
0.50 SE 
0.89 SE 
0.54 ESE 
0.74 E 
0.42 SE
 Mean. 
19.4 
16.9 
15.9 
17.1 
18.2 
18.8 
20.4 
 20.9 
 20.2 
19.7 
20.9 
21.4 
21.8 
20.2 
22.9 
25.0 
25.0 
25.6 
24.4 
25.1 
26.4 
27.5 
27.3 
23.0 
21.5 
 20.8 
22.1 
24.2 
24.7 
19.2 
38.9
 aximuln.  Min  IMUIll. 
 23-0 17.2 
  19.8 15.7 
  18.3 14.6 
  21.5  14.2 
  22.8 14.4 
  20.2 17.9 
  25.0 17.9 
  25.4 16.9 
 25.5 16.7 
 22.6 17.9 
 23.5 18.7 
 24.7 20.2 
 23.6 20.9 
  21.0 19.3 
 27.0 19.5 
 30.3 19.9 
 30.4 20.4 
 32  5 21.0 
 29.8 22.4 
 29.5 23.2 
 30.3 23.6 
 33.8 22.4 
 32.1 23.4 
 29.5 21.9 
 23.9 20.0 
 23.0 19.4 
 24  4 19.9 
 27.9 21.5 
 28.0 21.9 
 24.4 17.7 
 20.6 17.2
0.21 
0.77 
0.50 
0.12 
1.33 
0.49 
0.31 
0.10 
0.52 
1.12 
 1  29 
1.22 
0.76 
0.28 
0.85 
0.72 
0.82 
0.40 
 0.20 
0.03 
0.96 
 0.70
Mean. 
0.058 
 0.075 
0.006 
0.000 
0.532 
0.070 
0.000 
0.006 
0.081 
0.019 
0.018 
 0.000 
 0.011 
0.139 
 0.001 
0.046 
0.120 
0.017 
0.002 
0.020 
 0.003
 AlliX  in)  Ul  11  •
  0.17 
  0.18 
  0.03 
  0.00 
  1.1-0 
 0.21 
  0.0-0 
  0.03 
 0.32 
 0.07 
 0.08 
 0.00 
 0.09 
 0.89 
 0.00 
 0.41 
 1.38 
 0.10 
 0.01 
 0.08 
 0.01
 tccordiug to the Sendai Observatory.
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     Table
Condition in
Concentration (pH) in the 
13-B 
Sendai. August (1948)
River Water 33
Date
      Wind 
 Velocity 
   of 
 wind-  m/sec.
 Mean 
direction 
of wind.
Air temperature. 
  7C1
Duration 
of bright 
Sunshine 
in hours.
Precipitation 
 MM.
1 
2 
3 
*4 
*5 
*6 
 7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31
Mean. 
0.14 
0.15  '0.17 
0.24 
0.18 
0.25 
0.24 
0.21 
0.20 
0.18 
0.18 
0.17 
0.21 
 0:21 
0.26 
0.30 
0.32 
 0.65 
0.25 
0.19 
0.21 
0.18 
0.15 
0.09 
0.16 
0.26 
 0.20 
 0.37 
 0.27 
0.41 
 0.82
 111axi-naun.
0.40 
0.34 
0.50 
0.50 
0.42 
0.48 
0.52 
0.46 
0.42 
0.48 
0.44 
0.50 
0.46 
0.44 
0.57 
0.71 
0.57 
1.13 
0.61 
0.48 
0.38 
0.42 
0.34 
0.32 
0.42 
0.84 
0.63 
0.76 
0.76 
0.91 
1.34
ESE 
 E 
ESE 
SE 
 ESE 
SE 
SE 
SE 
ESE 
SE 
 SE 
ESE 
ESE 
SE 
ESE 
 E 
NEN 
 E 
ENE 
NW 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
 E
Mean. 
23.2 
21.3 
21.6 
23.2 
24.7 
24.9 
 24.1 
 25.0 
 25.7 
 24.7 
 23.6 
 25.2 
 26.2 
 25.8 
 25.2 
 24.9 
 22.3 
 21.3 
22.7 
24.7 
 24.0 
24.3 
22.9 
22.3 
 21.5 
 21.3 
 23.9 
 24.8 
 23.8 
 23.9 
 24.6
 3IaXit1,111i,
29.1 
23.5 
24.9 
27.6 
30.2 
31.6 
27.5 
28.8 
31.4 
32.7 
28.2 
31.5 
32.2 
28.9 
29.0 
28.6 
25.0 
23.6 
23.7 
28.5 
28.7 
28.0 
25.0 
23.8 
23.8 
54.7 
27.6 
29.3 
28.8 
27.7 
27.1
 Al  iuihntt,.
18.3 
20.0 
19.5 
18.9 
20.3 
20.2 
22.1 
22.7 
22.2 
202 
19.6 
 21.1 
21.6 
23.1 
23.0 
22.2 
20.4 
20.0 
21.7 
22.1 
21.9 
22.2 
22.2 
21.0 
19.1 
17.7 
202 
22.0 
21.7 
21.4 
23.0
 -064 
012 
082 
104 
061 
083 
096 
092 
106 
120 
107 
110 
114 
060 
060 
054 
047 
040 
096 
036 
053 
110 
085 
096 
009
Mean. 
0.005 
 0.000 
0.005 
0.000 
0.000 
0.000 
0.040 
0.007 
0.534 
 0.169 
0.007 
0.008 
0.021 
0.047 
0.033 
0.282 
 0.019 
 0  - 
0.002
 111axrii~!inr
0.04 
 0.00 
0.04 
0.00 
 0.00 
0.00 
0.20 
0.05 
0.94 
0.63 
0.00 
0.08 
0.20 
0.09 
0.55 
0.24 
0.19 
0.01 
0.11
Temperature of Soil
 according 
 Table 13-C 
Surface by Station in  `C
to the Sendai 
Sendai. (1948)
Observatory.
 August September October
Date. 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
 13 
14 
15
 'C . 
27.6 
24.9 
27.2 
28.4 
28.4 
28.7 
29.5 
30.8 
31.5 
31.4 
30.4 
32.0 
 32.6 
32.9 
30.7
Date. 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31
 °C
. 
30.0 
25.3 
23.2 
24.5 
28.2 
26.9 
29.1 
26.7 
25.2 
24.4 
24.8 
26.4 
28.0 
28.3 
28.2 
26.2
Date. 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15
23.8 
26.0 
 25.2 
26.6 
26.5 
25.6 
25.3 
26.9 
26.6 
22.3 
21.4 
22.8 
21.0 
22.6 
22.5
 Date' 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30
 °C. 
22.9 
23.3 
21.6 
21.3 
23.5 
21.9 
19.3 
22.1 
21.9 
21.3 
32.3 
19.6 
20.5 
20.4 
19.0
Date. 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
16
 °C
. 
18.3 
17.7 
17.6 
17.3 
16.3 
16.1 
 * 
 * 
 * 
 *
According to the  Sendai Observatory
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         Table 13-D 
Atomspherical Condition  Sendai 
    September and October.
(1948;
Date 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
 30 
 1 
 2 
 3 
 4 
 5
 Wind. 
   Velocity Mean 
     of direction 
  wind. mlsec. of wind. 
 Mean. Maximum.
  Air 
Mean.
 temperature 
 `C
 Duration 
of bright 
Sunshine 
 in hours.
 Precipitation 
 mm.
0.65 
0.14 
0.15 
0.14 
0.21 
0.21 
0.21 
0.20 
0.18 
0.14 
0.19 
0.10 
0.16 
0.25 
0.41 
0.22 
0.17 
0.20 
0.10 
0.13 
0.18 
0.36 
0.60 
0.13 
0.15 
0.14 
024 
0.19 
0.22 
0.22 
0.23 
0.34 
0.21 
0.17 
0.20
1. 
 0. 
 0. 
0. 
0. 
 0. 
 0. 
 0. 
 0. 
 0. 
 0. 
 0. 
 0, 
 0. 
 0, 
 0, 
 0 
1 
 0 
 0. 
0. 
 0. 
 0 
 0 
 0 
 0 
 0
87 
40 
48 
42 
46 
42 
38 
36 
42 
36
38 
36 
36 
54 
 63  
.46 
42 
42 
22 
34 
 42 
.67 
 .03 
36 
44 
40 
91 
.50 
 71 
 59 
44 
.94 
.38 
.32 
.34
SE 
 E 
 S 
ESE 
 E 
NW 
ESE 
NW 
WNW 
 WSW 
SE 
NW 
ESE 
 E 
SE 
 SE  S 
SE 
NW 
SES 
ESE 
ENE 
NW 
ESE 
 E 
NW 
SE 
SE 
WNW 
NW 
 W 
SE 
ENE 
 W
 22. 
 23 
23. 
 23. 
 21 
20. 
 19. 
21. 
 23 
19 
 18. 
 19 
 17. 
 16 
16 
 20 
 22. 
 19 
 18 
21 
19 
17 
21 
13 
18 
19 
17 
17 
17 
16 
15
14 
14 
13 
13
3 
4 
2 
2 
 5 
7 
7 
8 
7 
5 
5 
0 
7 
8 
9 
4 
2 
 I 
5 
4 
 2 
 5 
.5 
.9 
.1 
.5 
.8 
.7 
0 
.5 
.0 
.8 
.4 
.9 
.5
24. 
27. 
27. 
26. 
25. 
26. 
26. 
26. 
29. 
21. 
24. 
23. 
23. 
23. 
23. 
24. 
 26. 
21. 
20. 
27. 
 21, 
18. 
24. 
23. 
 26 
 24 
 23. 
24 
 24. 
 23 
21 
21 
20 
20 
14
11111.  Mini/
2 
3 
3 
9 
7 
9 
5 
5 
0 
5 
0 
1 
6 
7 
1 
4 
2 
5 
 3 
.4 
4  
.8 
.9  
.9 
.0 
.7 
6 
.9 
0 
.2 
 .7 
.2 
.9 
.7 
.9
21. 
21, 
20. 
 20, 
19. 
16. 
13. 
15. 
 20, 
16. 
14. 
16. 
13. 
13. 
11. 
15. 
19. 
17. 
16. 
 17 
16. 
 15. 
 18. 
 16. 
 13. 
 15. 
 15 
14 
12 
11 
11 
9 
9 
 8 
12
 
,1111 
5 
4 
4 
6 
3 
 5 
8 
8 
9 
0 
4 
4 
6 
 1 
8 
3 
5 
 4 
4 
 4 
4 
6 
5 
5 
 0 
 0  
.8  
.0 
.5 
.7 
.0 
.9 
.4 
.7 
.0
0.16 
0.26 
0.51 
0.35 
0.95 
1.18 
0.90 
0.40 
0.25 
0.45 
0.96 
1.05 
0.09 
0.12 
0.14 
0.28 
0.57 
0.91 
0.52 
0.27 
0.51 
0.63 
0.42 
0.69 
0.83 
0.89 
0.61
Mean. 
0.786 
0.002 
0.003 
0.000 
 0.000 
0.060 
0.020 
0.000 
0.000 
0.000 
 0.000 
0.010 
0.002 
0.001 
0.018 
0.137 
0.987 
0.162 
0.002 
0.001 
 0.131 
 0.001 
0.008
 Max  imura 
2.52 
0.01 
0.03 
 0.00 
 0.00 
0.51 
0.10 
0.00 
0.00 
0.00 
 0.00 
0.05 
0.02 
0.01 
0.17 
0.65 
2.18 
0.85 
0.02 
0.01 
1.31 
 0.01 
 0.03
                                       According to the  Sendai Observatory 
    Next, to see whether this durnal variation can be found in other rivers, he 
surveyed the Nagase (an acidic river) in  Fuliushima Prefecture, the Mogami in 
Yamagata Prefecture (flows into the Japan Sea), and the Biruzawa (a branch 
of the Eai) in Miyagi Prefecture.
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    4) About the pH diurnal 
      variation in the Nagase, 
      the Mogami and the 
 Biruzawa. 
    (1) Surveying stations. 
   He surveyed the Nagase at 
Funaba, Inawashiro Town, Fuku-
shima Prefecture (Fig 15). 
   There are Numajiri Sulphur 
Mine and the Numajiri Surphurous 
Hot-Springs on the upstream. 
The Mogami was surveyed at 
 Okura Bridge, Shimizu Yamuki 
mura,  Yamagata  Prefecture. The 
Biruzawa was surveyed near the 
Jisso Temple, Iwadeyama Town, 
Miyagi Prefecture. This is a 
small stream and there is no 
mixture of drainage in the upper 
stream. (Fig 16) 
    (2) Results of Survey 
   The data of the survey are 
as follows;
 M,  NEIN  OMA
 INAWASIRO  LAKE
    Fig. 15
           SMIMlzu. 
      yi1,K A BR !DC E. 
                 Fig.
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 I.
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Table 14
Rivers Surveyed.
Nagase 
Mogami 
 Biruzawa
Date
Aug. 
Sept. 
Sept.
27th-28th, 
24th-25th, 
 27th-28th,
1951 
1951 
1951
   Next he shall show the  value of pH 
surveyed every five minutes in the Mogami.
measurement
(table 15-B)
(table  15-A). He
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Table.  I5-A
Data fo the Hydrogen Ion  Concentration (pH,  18`C) of River 
   August 27th-28th, 1951.
water in the Nagase River,
Hour  pH Hour  PH Hour  PH Hour pH
21.00 
21.30 
22.00 
22.30 
23.00 
23.30 
24.00 
24.30 
 1.00 
 1.30 
2.00 
2.30
4.02 
3.60 
3.70 
2.99 
2.50 
2.80 
3.60 
1.00 
3.15 
2.60 
2.40 
2.50
3.00 
3.30 
4.00 
4.30 
5.00 
5.30 
6.00 
6.30 
7.00 
7.30 
8.00 
8.30
2.50 
2.40 
2.60 
2.70 
2.80 
2.80 
2.60 
3.60 
3.40 
2.75 
2.30 
3.00
9.00 
9.30 
10.00 
10.30 
11.00 
11.30 
12.00 
12.30 
13.00 
13.30 
14.00 
14.30
3.70 
2.20 
3.15 
3.55 
3.55 
2.65 
3.50 
3.25 
3.80 
3.30 
3.30 
3.40
15.00 
15.30 
16.00 
16.30 
17.00 
17.30 
18.00 
18.30 
19.00 
19.30 
20.00 
20.30
3.80 
3.70 
3.50 
3.80 
3.70 
3.30 
2.95 
3.50 
3.40 
4.40 
4.20 
4.30
Table 15-B
Data of the Hydrogen Ion Concentration (pH, 18'C) of River water in the Mogami  River,
September 23rd-24th, 1951.
Hour pH Hour  PH Hour pH Hour  PH Hour pH
15.40 
 45 
 50 
 55 
16.00 
 05 
  10 
 15 
 20 
 25 
 30 
 35 
 40 
 45 
 55 
17.00 
 05 
 10 
 15 
 20 
 25 
 30 
 35 
 40 
 45 
 50 
 55 
18.00 
 05 
 10 
 15 
 20 
 25 
 30 
 35 
 40
5.58 
5.90 
6.00 
6.00 
6.01 
6.00 
6.00 
6.00 
6.00 
5.91 
5.90 
5.88 
5.75 
5.70 
5.80 
5.80 
5.80 
5.80 
5.98 
6.02 
5.93 
5.70 
5.70 
5.70 
5.70 
5.68 
5.70 
5.67 
5.65 
5.65 
5.65 
5.65 
5.65 
5.65 
5.65 
 5.65
18.45 
  50 
  55 
19.00 
  05 
  10 
  15 
 20 
 25 
 30 
  35 
  40 
  45 
 50 
 55 
20.00 
 05 
 10 
 15 
 20 
 25 
 30 
 35 
 40 
 45 
 50 
 55 
21.00 
 05 
 10 
 15 
 20 
 25 
 30 
 35 
 40
5.65 
5.65 
5.65 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.90 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 
5.85 
5.85
 21.50 
22.00 
  10 
 20 
 30 
 40 
 50 
23.00 
 10 
 20 
 30 
 40 
 50 
24.00 
 10 
 20 
 30 
 40 
 50 
1.00 
 10 
 20 
 45 
 50 
2.00 
 10 
 20 
 30 
 40 
 50 
3.00 
 10 
 20 
 30 
 40 
 50
5.85 
5.85 
5.85 
5.85 
5.85 
5.85 
5.85 
5.85 
5.85 
5.80 
5.80 
5.80 
5.80 
5.85 
5.85 
5.85 
5.60 
6.30 
6.20 
6.20 
6.20 
6.20 
6.41 
6.41 
6.41 
6.41 
6.10 
6.22 
6.48 
6.48 
6.48 
6.48 
6.48 
6.48 
6.48 
6.48
4.00 
 10 
 20 
 30 
 40 
 50 
5.00 
 10 
 20 
 30 
 40 
 50 
6.00 
 10 
 20 
 30 
 40 
 50 
7.00 
 10 
 20 
 30 
 40 
 50 
8.00 
 10 
 20 
 .70 
 40 
50 
9.00 
 10 
 20 
30 
 40 
 50
6.48 
6.48 
6.48 
6.48 
6.48 
6.40 
6.40 
6.40 
6.40 
620 
6.25 
6.10 
6.15 
6.15 
6.15 
6.30 
6.60 
6.15 
6.15 
6.10 
6.15 
6.30 
6.30 
6.30 
6.00 
6.28 
6.15 
6.00 
6.21 
6.21 
6.10 
6.22 
3.50 
6.50 
6.40 
3.42
10.00 
 10 
 20 
 30 
 40 
 50 
11.00 
  10 
 20 
 30 
 40 
 50 
12.00 
 10 
 20 
 30 
 40 
 50 
13.00 
 10 
 20 
 30 
 40 
 50 
14.00 
 10 
 20 
 30 
 40 
 50 
15.00 
 10 
 20 
 30 
 40 
 50
3.42 
6.42 
6.18 
620 
6.72 
620 
620 
6.20 
6.20 
6.20 
6.20 
3.30 
6.30 
3.10 
620 
625 
3.15 
6.21 
6.25 
6.15 
6.20 
6.20 
6.45 
6.43 
6.42 
6.90 
6.50 
6.40 
6.40 
6.40 
6.42 
6.41 
6.10 
6.40 
6.50 
6.15
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 Table 15-C 
Data of the Hydrogen Concentration (pH,  18`C) of River 
                       September 27th-28th, 1951.
water in the Biruzawa  River,
Hour  PH Hour PH Hour pH Hour  PH
11.40 
12.00 
12.37 
13.20 
13.30 
14.00 
14.30 
15.00 
15.30 
16.00 
16.30 
17.00
7 
6 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6
42 
60 
00 
45 
70 
70 
80 
40 
70 
28 
70 
60
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30 
00
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6
45 
25 
45 
45 
60 
45 
45 
40 
00 
40 
40 
40
23 
24 
24 
 1 
 1 
2 
2 
3 
3 
4 
4 
5
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30 
 00
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
 6 
6
80 
90 
99 
90 
85 
80 
03 
40 
 80 
81 
82 
82
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30 
00 
30
6 
6 
6 
6 
6 
6 
6 
6 
6
70 
80 
70 
80 
80 
60 
45 
20 
 00
6.30 
6.90 
6.60 
7.10
and
This is 
Fig 18
shown in the diagrams 
B (Biruzawa).
in Fig 17 (Nagase), Fig 18 A (Mogami),
 PH. 
4.4 
 42 
 4.0 
38 
 36 
 34 
3.2 
30 
 28 
2.6 
2.4 
2.2
f.
 15  17.  19. 21. 23
 
1 3 5 
Fig. 17
7  9  I1  13  is  HOUT.
 PH
7.0 
6.8 
6.6 
6.4 
6.2 
6.0 
5.8 
5.6 
5.4 
5.2 
5.0 24 2 
  Fig.
4 6 
18-A
 Lv
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                    7.8 
                     7.6 
                     7.4 
                     7.2 
                   7.
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 6.2 
 60 
 5.8 
 5.6   .  
 I.  17.  15,  21  23.  ;  3 5  7  5.  I  I.  13.  15.HC4T• 
                               Fig. 18-B 
   Fig 16 shows  that pH undulates violently in the Nagase Fig 17 shows 
the undulations of pH are of similar types in the Biruzawa and the Mogami 
except some parts. 
    For the same reason as he mentioned above, he shows the conditions of 
the rainfalls before and during the measurement in the table 16 thsougn the 
kindness of Sendai Weather Bureau. 
                              Table 16-A 
                       Amount of Precipitation.(1951)
  Station 
 Date''
 1 
2 
3 
 4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31
August September
Inawa-
shiro
Yama-
gata Sendai Naruko  Onikobe Shinjo Semi
 Inawa-
shiro
 0.0mm 
 0.1 
 1.0 
 5.3 
 1.8 
 0.3 
 0.3 
 0.0 
 0.0 
 0.0 
 0.7 
 0.1 
 1.2 
15.3 
 2.6 
25.9 
 0.0
21.1mm 
 0.0 
 0.0 
 6.3 
 0.3 
 0.0 
25.6 
0.0 
0.0 
2.1 
8.8 
0.7 
192 
0.1 
0.0 
1.8 
0.0
 0.0 
 0.0 
 0.0 
22.6 
 0.1 
44.6 
 0.0 
 0.1 
 4.7 
3.3 
4.8 
 0.8 
28.1 
0.0 
0.0 
0.0 
0.4 
0.0 
0.5
 0.6 
23.8 
 6.1 
 3.6 
 6.5 
 1.4 
 3.0 
51.5 
0.3 
0.1 
0.0 
0.0 
9.4 
5.9 
0.0 
10.9 
4.2 
3.3 
0.0 
0.0
18.2 
23.5 
 0.2 
 7.8 
 1.5 
8.6 
02 
5.5 
562 
0.0 
0.0 
12.0 
7.8 
7.0 
4.6 
0.6
 1.6 
0.0 
0.0 
 1.4 
17.4 
0.0 
4.1 
10.6 
5.2 
5.0 
0.1 
6.1
 1.3 
38.3 
 3.0 
 3.6 
 0.8 
18.8 
11.0 
2.4 
23.6 
 0.1 
7.5 
0.0 
2.1 
12.2 
3.7 
 l3.5 
6.9 
3.4 
0.0 
3.0
 0.0 
 3.1 
02 
19.0 
 0.7 
32.7 
0.1
According to the Sendai Observatory
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 Table 16-B 
                Ten day mean of air temperature.  `C (1951)
 Station. 
Inawashiro. 
Yamagata. 
Sendai.
  Mean. 
  Maximum. 
 Minimum. 
  Meau. 
  Maximum. 
  minimum. 
  Mean. 
 Maximum. 
  Minimum.
       August. 
1-10. 01-21. 
22.8 24.2 
31.5 32.5 
17.0  18.4 
25.9 26.6 
34.9 36.1 
19.1 19.1 
 *  * 
 *  * 
 *
21-31. 
22.8 
34.5 
17.0 
 24  4 
34.3 
14.7 
 * 
 *
    1-10. 
    17.6 
    25.2 
    10.7 
    19.9 
    28.8 
    14.4 
    20.5 
    28.5 
    14.0
September. 
  11-10. 
   18.0 
   25.7 
   12.2 
   18.7 
   24.9 
   11.5
21-30. 
 * 
17.0 
22.4 
 5.1 
15.9 
18.4 
 9.0
                                       Accordiug to the Sendai Observatory 
      5) Inquiry. 
    By the inquiry into the result of the survey he can know the following 
interrelation between facts; concerning the city drain and the  diurnal variation 
of the city pH from the surveying station A of the Hirose up to the source, 
there is no great factory but chiefly the shop area and residenstial quarters, in 
the drain of which is found in the water. 
    When the survey was made the second and the third time at A there 
was no rainfall and it is surmised that what influences most the pH was the 
drainage. The chief source of the drainage is caused by in the preparation of 
meals. One of the characteristics is that the greatest shift of the phase of 
the pH, comparing with the surveying value in the fourth time, agrees with the 
difference of time between the normal time and the time in the sunlight saving 
season. As the drainage from homes generally contains salt, he measured 
 chloric ion at the fifth time, and studied the relation to pH, and found that 
the fluctuation did not always agree. 
    At the fifth time, the fluctuation of the river pH is not so great as at the 
first or the second time in summer. 
    It is surmised that this is because microbes  ara not so active at the fifth 
time as at the first or the second time in summer, and some element possessed 
by the river itself appears in the diurnal variation of pH. 
    Next, concerning the influence of the water level on the diurnal variation, 
L.  Nomitse says that it is the greatest at about 10 a. m. When the water 
 level becomes higher, it is natural that the water is diluted and approaches 
neutrality. Investigating this phenomenon at the  Biruzawa, a small stream, he 
found the water was most natural between  10.  30 a.  m, and 12, 30. (Fig 16) he
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supposes this is quite natural. Accordingly, the diurnal variation of river water 
pH is found there, too. 
    Next, he will consider about the fluctuation of the Nagase, the most acidic 
river. T.  Kato") reported on the value of the measurement when he mixed the 
soil of the bed and the river water and let it take its course. (table 17). 
                             Table 17 
    (The results of measurement of acid in the water of the  Yuri-river, a branch of the 
 Nagase-river, and the main stream mixed with soil along the banks and left for a certain 
time to take their own  courses.)
Main current 
Water mixed with soil. 
Water mixed with soil.
 pH H2SO4  so,, Fe mg/cc Note
1.9 
2.4 
3.5
 0.085%  0.715% 
0.040 0.360 
        0.295
 0.13 
0.03
Just after was taken. 
Left for 24 hours. 
Left for 72 hours.
    By this he can judge that the bed itself neutralizes the water. 
    The neutralization is caused by sulphur bacteria , other soil microbes and 
other soil constituents, he thinks. Next, he inquires into isolated carbonic acid 
as most changeable chemical constituent in the current. When he considers 
isolated carbonic acid which has been in the air is dsolved in the water , it 
is clear it has close relation to the temperature of water. But according to the 
above mentioned datum, the changes of water temperature and the density of 
isolated carbonic acid do not always agree. When the  temperature rises in the 
daytime, the proportion of the carbonic acid should decrease. Accordingly, 
carbonic acid gas supplied from the air decreases. He also considered about 
the influence of the wind, but as the same phenomenon can be found on a 
very  calm day, it can hardly be attributed to the influence of the wind. He 
thinks this is caused by the activity of  animal and plant living in the water 
which begin to go into action with the rise of the temperature of both the air 
and water, and the change of carbonic acid ion is not aways in proportion 
to that of pH. He thinks, pH variation in the river is formed by the combined 
factors of  natural and social environments along the river , besides carbonic 
acid. He thinks again, at the places where natural envirouments  •  • animal 
and plant lives, composing soils, temperature, rainfall are similar and where 
human activity is small, the diurnal variations of the river pH may show the 
same types. As mentioned above, the influence of the drainage of Sendai 
City on the Hirose is clearly shown in the changes of pH and it is pointed 
out in the decline of fishery in the Hirose and the Natori. It is said in recent
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years, Ayu  (Plecoglossusaltives  Teminck et  Schlege) reduced flesh and de-
creased in number  remarkablly in the Hirose but in the Natori it is not so 
noticeable. 
   By this he can presume that the social environments and human activity 
influence the natural environment and on the other hand, deteriorated natural 
environment influences the social one. Therefore the natural environment 
is not the same and he feels the necessity of study in this field. 
      6)  Conclusion 
    Here he summerizes his study. 
 (I) He ascertained there are diurnal variations of river pH in the Hirose, 
the Biruzawa, in Miyagi Prefecture, in the Mogami in Yamagata Prefecture 
and in the Nagase in Fukushima Prefecture and he found that he could not get 
the right result in the measurement of chemical constituents by only one 
survey at one position, which has hitherto been done. 
 (2) The diurnal variation in the river pH differs in each season, greater in 
summer and becomes smaller when autumn comes. He is going to survey 
this in spring and in winter hereafter. 
 (3) He found that dissolution of carbonic acid gas in the air had not been 
so great an effect on the diurnal variation of the river water pH. 
 (4) The diurnal variation of the river-water pH has some relation to the 
diurnal variation of water-level at the place where there is no human activity. 
 (5) It is supposed that the temperature of the atmosphere and the animal 
and plant activities, caused by it, has much influence. 
 (6) The city drainage has a very great influence on the diurnal variation 
or pH in the Hirose River. 
   A part of the expenditure in this survey the Grant in Aid for the  Miscell-
aneous Scientific Research was  spent. 
   In conclusion, the author expresses his hearty thanks to Professor Dr. Y. 
Tomita and Assistant Professor K. Tanabe who  gave suggestions and advices 
about his  work' 
    The author also expresses hearty thanks to Professor Dr. T. Kato, Pro-
fessor T. Ito, Mr. S. Yamazaki, Mr. K. Saito in the Exploitation Department of 
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Data of the  chemical condition in the river water of the ffirose  River.
Data of the Third 
 *
Table. 7
Survey in Hirose River. Aug, 20-21, 
Table. 8
1948.
Hour
 5.00 
6.00 
 7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
 15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
1.00 
2.00 
3.00 
4.00
       Surveying point A. 
  Water  Carbon:c
Temperature. acid,  (HCO3).2
Carbonate. 
 (MCO3)
  Water 
Temperature.
B.
 Carbonic 
 acid,  (H2CO3)
Carbonate. 
 (MCO3) °C
. 
22.0 
23.5 
22.5 
22.2 
22.0 
23.0 
24.0 
25.0 
24.0 
25.0 
24.5 
26.0 
24.5 
24.0 
23.8 
 * 
23.8 
24.5 
23.5 
23.0 
23.5 
 22  0 
23.0
 nung/1 
 75 
 75 
 90 
 125 
 145 
 125 
 95 
 160 
 115 
 115 
125 
 140 
200 
205 
125 
120 
151 
151 
 140 
100 
130 
120 
 75 
 140
mmg/1 
 8.0 
 5.5 
 8.0 
 5.5 
 6.5 
 8.5 
 6.5 
 6.5 
10.5 
 5.5 
 6.0 
 6.5 
 7.0 
 6.5 
 5.5 
 7.0 
 6.5 
 7.0 
 5.0 
 6.5 
 8.0 
12.0 
12.0 
  7.5
 °C. 
20.5 
20.5 
20.5 
 21.0 
21.5 
22.0 
22.5 
23.0 
23.3 
23.7 
24.0 
24.0 
24.5 
23.8 
23.5 
23.2 
 23.0 
22.0 
21.5 
21.5
 mmg/1. 
  22 
  20 
  15 
  20 
  60 
 115 
  20 
  60 
  10 
  86 
  30 
 105 
  40 
  20 
 * 
 50 
 * 
 45
 mmg/1, 
  4.0 
  5.0 
  5.5 
  7.0 
 6.0 
  5.0 
  5.5 
 * 
  6.0 
  5.0 
 * 
  5.5 
  6.0 
  6.0 
  5.8 
  5.6 
  6.0 
 * 
  6.5 
  7.0
Data of the Fourth.
Table. 9
Survey in Hirose  River. Sept, 4th-5th,
Table. 10
 1948.
Hour
        Surveying point. B. 
Temperature, Carbonic  °C.  acid  ,(  H2CO3)
Carbonate. 
 (MCO3  )
Temperature. 
 °C
.
C.
  Carbnic 
acid.  (H2CO3)
Carbonate. 
 (MCO3)
 5.00 
 6.00 
 7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19,00 
20.00 
21.00 
22.00 
23.00 
24.00 
 1.00 
2.00 
3.00 
4.00
Air. 
19.5 
20.0 
21.0 
22.8 
26.0 
 27.5 
26.7 
26.5 
28.0 
27.9 
26.5 
26.0 
23.0 
22.6 
21.0 
22.0 
22.0 
21.5 
21.5 
22.0 
 21.0 
20.9 
20.5 
20 5
Water. 
19.0 
19.0 
19.0 
19.0 
19.5 
20.0 
19.8 
20.3 
21.2 
22.5 
22.0 
22.2 
21.6 
21.0 
19.7 
20.1 
21.0 
19.5 
20.5 
20.5 
19.0 
20.0 
20.0 
19.8
 nimg/1 
 33 0 
 55.0 
 44.0 
 38.5 
 33.0 
 33.0 
 33.0 
 55.0 
 55.0 
 41.0 
 44.0 
 44.0 
 44.0 
 44.0 
 27.5 
 38.5 
 33.0 
 38.5 
 44.0 
 44.0 
 44.0 
 44.0 
 33.0 
 33.0
mmg/1 
 4.40 
 4.40 
 6.16 
 5.28 
 4.40 
 4.40 
 440 
 5  28 
 7.29 
 7.04 
 5.28 
 5.90 
 6.16 
 7.04 
 7.04 
 5.90 
 7.04 
 9.92 
 5.90 
 5.28 
 4.40 
 6.16 
 4.40 
 5.28
Air. 
19.5 
23.0 
23.5 
25.0 
26.0 
23.0 
27.7 
28.0 
29.5 
29.0 
27.0 
26.0 
24.0 
23.0 
22.5 
 * 
22.5 
22.5 
22.0 
22.0 
21.3 
20.0 
20.5 
20.5
 Water.
 18.5 
18.5 
18.3 
18.5 
19.0 
19.0 
19.7 
20.0 
21.0 
21.0 
21.5 
21.5 
21.0 
 21.0 
21.0 
 * 
20.7 
21.0 
20.0 
20.0 
20.7 
19.0 
19.5 
19.0
mmg/1 
27.5 
55.0 
49.5 
38.5 
27.5 
16.5 
38.5 
66.0 
33.0 
38.5 
33.0 
16.5 
22.0 
22.0 
22.0 
 * 
44.0 
22.0 
33.0 
22.0 
16.5 
22.0 
22.0 
27.5
 mmg/1 
 1.76 
 0.88 
 1.76 
 2.20 
 3.08 
 2.50 
 2.20 
 3.96 
 7.48 
 2.20 
 3.52 
 3.08 
 1.76 
 1.76 
 3.08 
 2.64 
 2.20 
 1.76 
 3.08 
 1.76 
 2.64 
 2.64 
 2.20
Data of the Fifth
Table. 11
Survey.  Oct, 3rd-4th, 1948.
Table. 12
Hour
      Surveying 
 Water Carbonic 
Tempera- acid, 
 tore.  (1-12CO2)
point. A. 
 azbc-
 nate. 
 N/CO%  )
 Chlorion
Ion.  (C1  )
 Tempera-
ture.
      D. 
 Carbonic 
 acid. 
 (112CO3)
 Carbc-
nat. 
 (MCO)
Chlorion
 Ion.  (CP)
 6.00 
 7.00 
 8.00 
 9.00 
10.00 
11.00 
12.00 
 13  00 
14.00 
15.00 
16.00 
17.00 
 18  00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
 1,00 
 9  00 
3.00 
4.00 
5.00
 °C 
14.0 
 14.0 
 14.5 
16.0 
16.0 
17.0 
17.8 
 1c3.5 
19.0 
19.5 
 180 
18.0 
18.0 
17.5 
16.0 
17.5 
17.5 
17.5 
16.5 
16.5 
16.0 
16.0 
12.0 
13.5
 mg/1 
140 
185 
200 
300 
135 
210 
100 
 60 
 70 
 70 
 75 
 75 
120 
160 
 65 
170 
185 
130 
135 
 100 
 110 
 9(1 
 60 
 75
 mg/1 
 30 
 6.0 
 4.0 
 5.5 
 6.5 
 3.0 
 6.5 
 6.5 
 6.5 
 6.5 
 3.5 
 6.5 
 7.0 
11.0 
 8.0 
 75 
 7.5 
 6.0 
 6.2 
 6.2 
 6.4 
 7.2 
 6.4 
 6.1
 mg/1 
 95 
 82 
110 
109 
108 
120 
100 
120 
110 
100 
150 
140 
150 
130 
120 
 * 
145 
130 
140 
140 
 75 
115
  Air 
  11.0 
  15.0 
  15.5 
  20.0 
  20.0 
  21.0 
  20.0 
11 22.0 
  23.0 
  16.5 
  21.0 
  19.5 
  18.5 
    * 
  12.0 
    *  
'I 13.5 
    *
  13.5 
 * 
  11.0 
   9.0 
  12.0
Water.
11.0 
12.5 
13.9 
15.2 
15.0 
16.0 
16.0 
17.0 
17.5 
17.5 
17.0 
16.5 
 16.5 
15.0 
 * 
14.0 
 * 
 14.0 
13.5 
12.0 
10.0
 rag/1 
220 
165 
 22 
 22 
 22 
 -275 
 22 
 33 
165 
 22 
 22 
 33 
 22 
 22 
 44 
 * 
 22 
 * 
 22 
 33 
 33
 mg/1 
 4.4 
 6.2 
 7.9 
 7.0 
 5.4 
 7.0 
 6.2 
 7.9 
 7.9 
 6.6 
 88 
 7.9 
 8.8 
 * 
 8.8 
 * 
10.6 
 1.8 
 1.8 
 4.6 
 2.6
 mg/1 
28.4 
26.6 
 142 
10.7 
 160 
14.2 
17.8 
14.2 
21.3 
10.7 
17.8 
10.7 
 142 
 * 
10.7 
 * 
1.42 
 * 
 * 
 * 
 *
Graphs of the Chemical condition of River water in the Hirose River.
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